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INTRODUCTION
At the request of the National Park Service~ the Ground Water Branch of the U.S. Geological Survey investigated ground-water conditions in that part of Grand Teton National Park east of Jackson Lake ( fig. 1 ). Fieldwork was done in the summer of 1961, and supplemental water-level measurements were made in 1962. The investigation was concentrated in five localities where additional groundwater supplies are needed. A brief reconnaissance of other parts of the area was made to establish regional geologic and hydrologic relations and to aid in locating ground water for possible future needs.
GEOGRAPHIC SETTING
The area included in this investigation is in the northern part of Jackson Hole-a broad, relatively flat valley surrounded by mountain ranges and highlands; this valley extends from the north end of Jackson Lake southward almost to the confluence of the Hoback and Snake Rivers ( fig. 1 ). The floor of Jackson Hole slopes gently from an altitude of about 7,000 feet in the north to about 6,000 feet in the south, and the surrounding highlands and mountains rise 3,000 to 7,000 feet above the valley floor. The major drainage, the Snake River, flows southward through Jackson Hole and then cuts westward through the mountains into Idaho. The topographic features and drainage of the project area are shown on plate 1, and regional drainage systems are shown in figure 1.
The average annual precipitation at the Moran weather station near Jackson Lake 1 Dam was 21.28 inches during 1931-60. Precipitation in the mountains and highlands is greater than at the weather station, and average surface runoff from the drainage basin is more than 20 inches per year. The highest monthly long -term mean temperature at the weathe·r station is 57 .4°F for July, and the lowest is 11.3°F for January. The annual long-term mean temperature is 34.2°F.
PREVIOUS INVESTIGATIONS
Many geologists, beginning with F. H. Bradley in 1872 and 0. H. St. John in 1877, have studied various aspects of the geology of the area, but little mention has been made of ground water. The glacial study by Fryxell (1930) and various works dealing with general regional geology by J. D. Love and his as sociates have been of particular value to the authors. (See "Selected references.") man for the Park, provided valuable assistance and equipment. The assistance of J. D. Love, geologist, U.S. GeologicaL. Survey, is gratefully acknowledged. He pr.aNided geologic and hydrologic data, discussed the geology with the authors, reviewed the geologic framework of the report, and aided in many other ways.
WELL-NUMBERING SYSTEM
Wells are numbered according to their location within the Bureau of Land Management's system of land subd,ivision. All wells are in the northwest quadrant of the sixth principal meridian and base-line system. The first numeral of a well number indicates tlie township. the second the range, and the third the section in which the well is located. The letters which follow the section number indicate the location of the well within the section. The first letter denotes the quarter section, the second the quarter -quarter section, and the third the quarter-quarter-quarter section. The subdivisions of the section are lettered a, b, c, and d, counterclockwise, beginning with (a) in the northeast quarter. Where more than one well is in the same quarter..:quarter ... quarter section, consecutive numbers beginning with 1 are added to the well numbe r. Thus, well 45-114-26abb2 is the second well located in the NW!NW!NE! sec. 26, T. 45 N., R. 114 W., of the sixth principal meridian and base -line system ( fig. 2) .
Much of the northern part of the project area has not been surveyed for inclusion in the landline netwo~ k of the Bureau of Land Management's system of land subdivision. Wells in this unsurveyed area have been numbered by location in the same manner as those in the surveyed area except that a grid system has been substituted for actual landlines. An asterisk (*) representing the word "unsurveyed" has been added to these well numbers. Springs and test holes have been assigned numbers according to their locations in the same manner as wells.
NEED FOR ADDITIONAL WATER SUPPLIES
In 1961 the primary water supply for the Colter Bay and Jackson Lake Lodge developments was obtained from a diversion of spring water(NE!sec. 20?, T. 46 N., R. 114 W., unsurveyed) on the east side of Pilgrim Creek valley northof the Grand Teton National Park boundary. The water was stored in two 500,000-gallon enclosed reservoirs, one near Colter Bay and the other near Jackson Lake Lodge. During times of maximum use, the flow of the spring, an average of 140 gpm (gallons per minute), was insufficient. At these times, a supplemental supply of about 200 gpmfor Jackson Lake Lodge was obtained from a group of springs (4 5-114-Sca) in the seep area just east of the lodge.
Water use in the Colter Bay area and at Jackson Lake Lodge is steadily increasing, and shortages have begun to develop. The Park Service estimates that about 200 gpm of additional water is required to satisfy immediate needs and that a considerably larger water supply eventually will be required.
Jackson Lake Campground in 1961 received its water from well 4 5-115-24cdd at Signal Mountain Lodge. Water was pumped to a 15,000-gallon reservoir and was fed by gravity to the 'Campground-and lodge. Additional water will be needed for expansion of the campground. Water for the Lizard Point Campground in 1961 was carried in by campers or was obtained from the small springs along the high-water line of Jackson Lake. Modernization of the campground will require a source capable of yielding at least 15 gpm. The employee residence near the junction of the Snake and Buffalo Fork Rivers was supplied by a small-capacity well (45-114-26bab) at the residence. A larger yield, possibly 40 gpm or more, may be needed if additional facilities are constructed in this area.
The feasibility of satisfying the preceding water-supply requirements with ground water is discussed in the section on results of pumping tests. Future developments may require other water supplies; the concluding section of this report briefly discusses the possibilities of developing ground water in the whole area.
SUMMARY OF GEOLOGY
This brief summary of the geology is based mainly on the work of Love (1956b, c) . For more complete geologic information, the reader is referred to "Selected references" at the end of this report. Lithologic descriptions and stratigraphic relations of units of Cretaceous and Tertiary age are given in table 1; units of Quaternary age are discussed in the section on "Geologic units and their water-bearing possibilities,.'• STRATIGRAPHY Deposits exposed in the project area range in age from Early Cretaceous to Quaternary. Glacial and alluvial deposits of Quaternary age occur in much of the area ( fig. 3 ). PreCretaceous formations are deeply buried and are not discussed.
Cretaceous formations are composed mostly of shale and sandstone beds that were deposited in a generally conformable series. Beginning near the end of the Cretaceous Period and continuing through the Tertiary, deposition was occasionally interrupted by structural movement and erosion, and unconformities are fairly numerous. The rocks of latest Cretaceous (Harebell Formation) and Tertiary age are generally much coarser grained than older rocks, and conglomerate is common. Local volcanic activity began during Eocene time, and formations of late Tertiary age contain much material of volcanic origin. (See  table 1 .) Glacial, fluvial, and lacustrine deposits of Quaternary age range from boulders to clay. Loess and volcanic ashalso occur as beds or are mixed with other sediments.
STRUCTURE
The Teton fault, the main structural feature of northern Jackson Hole, has been a major factor in the depositional environment during late Tertiary and Quaternary time. The northward-trending trace of the fault lies along the west side of northern Jackson Hole immediately west of the project area. This normal fault is about 40 miles long and has a maximum vertical displacement of about 20,000 feet. Downdropping of the eastern fault block accounted for much, but not all, of the displacement. The area investigated, which is on the eastern fault block, was downdropped and tilted ·westward. Most of the movement along the Teton fault zone occurred in late Pliocene time, but movement has continued intermittently. Near the north end of the Teton fault zone, in the vicinity of the south boundary of Yell ow stone National Park, movement has been appreciable since the formation of recognizable glacial features. Love (1961, p. 1, 75~2) reported 150 to 200 feet of displacement on each of two main faults in that vicinity. Elsewhere, more recent movement is indicated by anomalous stream patterns near the fault zone, by fault scarplets in young glacial deposits, and by occasional earthquake shocks recorded in recent years (Love and dela Montagne, 1956) . Aerial photographs show an apparent fault trace that seems to displace glacial deposits along the east side of Pilgrim Creek valley. 
GLACIATION
Three distinct glaciations-Buffalo, Bull Lake, and Pinedale-were recognized by Blackwelder (1915) in the Wind River Range (about 70 miles southeast of Jackson Hole) and in parts of Jackson Hole. Fryxell (1930) ., using Blackwelder's nomenclature, described the glacial features of Jackson Hole. Much of the following discussion is based upon Fryxell's work. Minor post-Pinedale glaciation in the mountain valleys did not reach the floor of Jackson Hole and therefore will not be discussed here.
The oldest recognizable glacial features in Jackson Hole have been attributed to the Buffalo of Blackwelder (1915) . Piedmont ice sheets moving southward from Yellowstone National Park covered most of Jackson Hole and scoured deep grooves in the bedrock. These grooves control much of the drainage in the northern part of the project area. Recent glacial studies have shown that in the Wind River Range the "Buffalo glacial stage, was not a single glaciation but at least three separate glaciations (Richmond, 1962) ; consequently, the term "Buffalo" has been abandoned by the Geological Survey. In Jackson Black coaly shale, coal, gray soft claystone, and thin lenticular sandstone.
Fair to poor. Some of the sandstone lenses will probably yield small quantities of water. Thick saturated sections of conglomerate might yield water, depending on the degree of cementing and sorting of the sandstone matrix of rocks penetrated.
., Probably not an aquifer.
c: 1 Lithologic descriptions are based on detailed stratigraphic work by Love (1947 Love ( • 1956a and Love and others (1948, ; 1.951) . .o-1 0 ...,
Hole, pre -Bull Lake glacial drift occurs as isolated remnants high above streams. PreBull Lake drift was recognized on the top of Signal Mountain (Fryxell, 1930) , and other scattered remnants may be present elsewhere in the project area.
During the Bull Lake Glaciation, valley glaciers extended from the canyons of the Teton Range onto the floor of Jackson Hole. The glaciers built moraines and outwash plains that are conspicuous features in Jackson Hole south of the project area. A laminated silt bed, which lies 500 feet above the level of Pilgrim Creek (NE-i-NE-i-sec. 29, T. 46 N., R. 114 W •. unsurveyed), is the only deposit of Bull Lake age that has been recognized in the project area. Silt from this bed has a carbon-14 date of about 27,000 years (Love, 1961, p. 1,753; 1956c, p. 149) .
Glaciers of the Pinedale Glaciation occupied the same canyons as the Bull Lake glaciers; however, the Pinedale glaciers did not extend as far onto the floor of Jackson Hole. Outwash plains and moraines, many still impounding lakes, have been altered only slightly since Pinedale time. A moraine of Pinedale age impounds Jackson Lake, and an extensive outwash plain lies south of Jackson Lake. Most of the glacial deposits shown on the geologic map ( fig. 3 ) are of Pinedale age, although some unrecognized older glacial deposits probably are present. Marl, which is associated with and possibly is slightly older than the deposits of the Pinedale outwash plain south of Jackson Lake, contains shell material with a carbon-14 date of about 9,000 years (Love, 1956c, p. 150) .
The threefold glaciation concept used in studies of Jackson Hole is oversimplified and will undoubtedly be modified in the future. Fryxell (1930) indicated that the Bull Lake Glaciation might have been a time of multiple advances, but he did not attempt to map them, Multiple advances of the Pinedale Glaciation would explain the complex glacial deposition east of Jackson Lake more accurately. In the Wind River Range two Bull Lake advances and at least two Pinedale advances were recognized by Richmond (1948) and Holmes and Moss (1955) .
GROUND WATER
Little ground-water data were available prior to this study. Logs of wells and test holes that were available are given in table 2. Table 3 includes records of wells, springsR and test wells, and plate 1 shows the location of wells, test wells, test holes, and springs.
I
GEOLOGIC UNITS AND THEIR WATER-BEARING POSSI Bl Ll Tl ES UNITS OF CRETACEOUS AND TERTIARY AGE
Little information is available concerning the quantity and quality of ground water in Cretaceous and Tertiary rocks. One well (4 5-114-19baa) taps the Bivouac Formation of late Pliocene or Pleistocene age, but no other wells are known to tap rocks of possible preQuaternary age. Table 1 gives the general lithologic character of Cretaceous and Tertiary rocks and estimates of their potentials as aquifers. For all formations except the Bivouac, these estimates are based entirely on the lithologic character of the formations and the hydrologic properties of similar formations in other areas.
UNITS OF QUATERNARY AGE
Most of the deposits of Quaternary age have not been mapped or described in detail. The geologic map ( fig. 3) shows the extent of the glacial deposits and the post -Pinedale alluvium. Test drilling during this investigation penetrated thick beds of Quaternary age that underlie surficial glacial and alluvial de:r-osits in many localities ( fig. 5 ). Although some of the deposits of Quaternary age are recognizable as separate units, most are difficult to differentiate.
ALLUVIUM
Alluvial gravel, sand, silt, and clay occur in the major stream valleys. These alluvial deposits can be separated into two general age groups: younger alluvium, lai d down in post -Pinedale time; and older alluvium, laid down before the end of Pinedale Glaciation.
The younger alluvium is shown on the geologic map ( fig. 3 ). Although the beds generally are thin and only partly saturated, moderate quantities of water are obtained from the thicker saturated sections. The thickest section penetrated by test drilling measured 31 feet (test well 45-114-23ccd). Seismic determination of depth
to bedrock _________________ ------> 77 
...... S, stock; T, test well. Depth to water: Measured depths are given in feet and hundredths of feet; reported depths are given in feet. Remarks: Ca, chemical analysis given in table 6; D, discharge in gallons per minute (M, measured; R, reported); L, log of well given in table 2 or graphic log shown in figure 5. beds of sand and gravel that are capable of yielding several hundred gallons ofwater per minute to wells. More than 130 feet of these deposits was penetrated at test well 46-114-2 9dbd* in Pilgrim Creek valley. The thickness and the character, however, probably differ greatly from placeto place. These deposits were not penetrated by test drilling in the Buffalo Fork area, but probably occur in most of the major stream valleys.
LACUSTRINE DEPOSITS AT BUFFALO FORK
Lacustrine deposits overlie bedrock in test holes and wells drilled near the junction of the Snake and Buffalo Fork Rivers. (See fig.  6 .) They consist of light-grayvery fine sand, silt, and clay, and some beds of coarser sand and gravel. These deposits yield small quantities of water to some wells.
GLACIAL DEPOSITS
Glacial deposits occur along the east side of Jackson Lake and cover most of the south half of the project area. They consist of unsorted to partly sorted boulders, cobbles, gravel, sand, silt, and clay, and differ greatly in their water-bearing properties. The major deposits of glacial outwash lie south of Signal Mountain and east of Two Ocean Lake. Outwash will yield water to wells where saturated, but most of it has been drained. Most of the glacial deposits, however, are poorly sorted and will generally not yield appreciable amounts of water.
UNDIFFERENTIATED DEPOSITS OF QUATERNARY AGE
Deposits of Quaternary age that cannot be assigned to specific units without detailed study are called undifferentiated deposits of Quaternary age. These sediments underlie surficial glacial deposits to a depth of several hundred feet along Jackson Lake south of Arizona Creek and yield water to wells at the Berol Ranch, at Signal Mountain Lodge, and at Jackson Lake Campground.
MOVEMENT OF GROUND WATER
In general, ground water moves southward, following the trend of surface drainage, through Jackson Hole. Water bodies, particularly Jackson Lake and the Snake River, serve as local base levels that control groundwat er movement. Differences in permeability of rock units modify this general trend; rocks of low permeability impede ground-water movement and partly isolate some of the aquifers.
Ground-water reservoirs are recharged by direct infiltration of precipitation, by seepage of surface water, and by underflow of ground water from adjacent areas. Only a small part of the precipitation infiltrates to the groundwater reservoirs; most runs off or is evaporated and transpired. Where the surface is very permeable, as in parts of Pilgrim Creek valley and in the outwash deposits south of Signal Mountain} a greater proportion of the precipitation reaches the aquifers than elsewhere.
Water is discharged by evaporation and transpiration, by seeps and springs, by discharge directly to streams and lakes, and by underflow. Only a small amount is discharged by wells.
Ground-water levels reflect rechargedischarge relations of aquifers. Changes in these relations, such as seasonal fluctuations in recharge, cause water levels to rise or decline. Changes in the level of Jackson Lake or the Snake River, by altering local base level, also create changes in recharge -discharge relations. The efficiency of the hydraulic connection between a ground -water reservoir and the lake or river determines the degree to which water levels are affected. Records near Jackson Lake are short and inconclusive but seem to show a slow response of ground -water levels to changes in lake level (fig. 4) ; this response indicates that the hydraulic connection is rather poor. Water levels in well 45-114-23ccd, in the Buffalo Fork area near the Snake River respond almost immediately to changes in river stage; this response indicates that the hydraulic connection is good ( fig. 7) .
SPECIAL AREAS OF INVESTIGATIONS
Special emphasis was given to the investigation of five small areas: The Buffalo Fork area near the junction of the Buffalo Fork and Snake Rivers; the Pilgrim Creek valley area; the Jackson Lake Campground area; the Colter Bay reservoir area near the storage tank that stores Colter Bay's water supply in the NWt sec. 36, T. 46 N., R. 115 W.; and the Lizard Point Campground area. Ground water from these areas was desired by the Park Service. Eight test wells and one test hole were drilled in these areas by a private drilling contractor, and three test holes were augered by the Geological Survey in the Buffalo Fork area. Cuttings from the test holes and test wells were examined. Graphic logs of the holes are shown in figure 5 , and locations are shown in plate 1.
During the drilling of the test wells, brief bailing tests were made as water-bearing materials were penetrated. The quantities of water obtained during the tests are shown in figure 5. These data are useful for comparing the relative permeability of materials, but they do not indicate potential yields of aquifers except in a relative way.
BUFFALO FORK AREA GEOHYDROLOGIC SETTING
Three auger holes and one test well were drilled along the Snake River near the junetion with the Buffalo Fork River. Three geologic units were recognizable: (1) Bedrock, (2) lacustrine deposits, and (3) alluvial sand and gravel. The bedrock penetrated during drilling, a bluish -gray soft shale, is part of the Late Cretaceous sequence mapped as lenticular sandstone, shale, and coal and Bacon Ridge Sandstone. Overlying the bedrock is a sequence of light -gray very fine to fine sand and silt and some coarser material. J. D. Love (oral commun., 1961) measured and examined in detail about 7 5 feet of similar deposits exposed in a roadcut a mile east of the test holes and identified them as lacustrine. These lacustrine deposits, of late Quaternary age, are overlain by a thin cover of alluvial sand and gravel at the test -hole sites. (See figs. 5 and 6.)
The Buffalo Fork River valley in the vicinity of the test holes was cut into bedrock to a depth of about 100 feet below the level of the present valley. A lake later covered the area, and thick lacustrine deposits filled the valley. Most of the lake deposits have been removed by erosion, and some have probably been buried by outwash deposits of the Pinedale Glaciation.
During the Pinedale Glaciation, the Snake River was diverted from the western part of Jackson Hole to its present course east of Signal Mountain. The river has cut a narrow passage between the Pacific Creek and Buffalo .. 
6550'~-------------------------------------------------L-----------
Datum is mean sea level Fork River valleys. Three main terraces, as w ell as several discontinuous terraces, are recognizable in this short reach. The highest terrace is about 60 feet above the Snake River and is associated with the Pinedale outwash plain. The middle terrace is about 15 feet above the river, and the lowest terrace about 10 feet. The flood plain of the Snake River is narrow in the vicinity of test well 45-114-23 ccd but becomes wider downstream.
The alluvium is the most permeable aquifer in the Buffalo Fork area, but it is mostly thin. The thickest alluvium known in the area is 31 feet at testwell 45-114-23ccd, which is about 70 feet east of the Snake River on the 10 -foot terrace. Auger hole 45-114-26bacl, which is a quarter of a mile downstream on the 1 0-foot terrace, penetrated 15 feet of alluvium that is almost entirely above the water table. Auger holes 45-114-26bac2 and -26bbd, which are on the flood plain, penetrated only a few feet of saturated alluvium.
A few feet of permeable lacustrine deposits were penetrated by test well 45-114-23ccd and auger hole 45-114-26bac1, but most are of low permeability. Two screened wells on the 15-foot terrace about a quarter of a mile east of the auger holes yield small quantities of water from lacustrine(?) sand deposits. According to the driller, both wells penetrated fine (lacustrine?) sand to a depth of about 60 feet. Well 45-114-26abbl bottomed in clay (bedrock?) at 60 feet, and well 4 5-114-26abb2 penetrated clay (bedrock?) to a depth of 200 feet.
No water was noted below 60 feet.
MOVEMENT OF GROUND WATER
The Snake River is the major source of recharge to the alluvial and lacustrine deposits in the vicinity of test well 45-114-23ccd. The river and the alluvium are hydraulically connected, and the water table in the alluvium relates closely to the river stage ( fig. 7) . The lacustrine deposits are generally of low permeability, and water moves much slower through them than through the permeable alluvial deposits. Some water is interchanged between the two aquifers and thus, indirectly, between the river and the lacustrine deposits.
PILGRIM CREEK VALLEY AREA
GEOHYDROLOGIC SETTING
Three test wells were drilled in the Pilgrim Creek valley about 3 miles north of Jackson Lake Lodge. To conserve drilling funds, the contracting officer for the Park Service stopped the drilling of two of the test wells before bedrock was reached. The third (46-114-2 fig. 5 .)
The forks of Pilgrim Creek flow on bedrock a short distance above their junction, but below this junction a thick layer of sediments overlies the bedrock. Before the end of Pinedale Glaciation, Pilgrim Creek valley had been cut and refilled nearly to its present level; the refilling partly buried drainage divides in the lower reaches. Since Pinedale time, glacial deposits, predominantly outwash, which were added to the valley fill, have been partly reworked.
Test drilling penetrated the coarse p ermeable deposits near the junction of the forks of Pilgrim Creek. Test well 46-114-2 9adc* is 500 feet downstream from the junction and 50 feet west of the high-water bank. Test wells In the fall of 1962, after completion of the test drilling and fieldwork for the study, a production well was drilled a few feet from test well 46-114-2 9dbd*, and the test well was destroyed. The well was drilled to a depth of 201 feet, about 50 feet deeper than the test well. The driller's log of that part of the well below 150 feet is shown above.
MOVEMENT OF GROUND WATER
The unsorted zone that underlies the surface of the valley in the vicinity of the test wells is permeable and adsorbs water quickly. The discharge of 130 gpmfrom test well 46-114-2 9dbc* during the 24 -hour pumping test seeped into the ground within 150 feet of the well. (See section on "Results of pumping tests.") On the west side of the valley about a mile northeast of the highway, a small intermittent stream enters the valley. All the water from this stream seeps into the valleyfill deposits.
Most of the recharge to the aquifer is seepage from Pilgrim Creek. On June 17, 1960, flow of the creek was 197 cfs (cubic feet per second) at a point 4,500 feet downstream from the junction of the forks of Pilgrim Creek, and was 176 cfs at a point about 2t miles downstream from the junction and 300 feet downstream from the old highway bridge. These measurements indicate a reduction in flow of 21 cfs, or nearly 14 million gallons per day, in this reach. The amount of water evaporated and transpired is unknown but probably is small compared with the amount that seeps into the aquifer.
Recharge to the aquifer from Pilgrim Creek varies considerably through the year. The flow was measured during the season of high flow, but the stream was not at its highest level. Measurements at other times of the year would show a wide variation. Above the junction of the forks the flow is perennial, but in the late summer of dry years, the flow disappears between the junction and the old highway bridge.
In the lower part of the valley, below the old highway bridge, the situation changes; the water table intersects the land surface and ground water discharges into Pilgrim Creek, other small streams, and marshes. The principal reason for the change is probably a decrease in permeability, which retards the flow of ground water. In the lower valley, surface deposits are composed of fine materials of low permeability, and most of the valley fill is probably less permeable than are deposits in the upper valley.
Water-level fluctuations of as much as 36 feet were measured in the test wells during this study (table 4) . Because changes in level mai~ly reflect changes in rechar ge, an even greater range in water level should be expected over a period of wet and dry years.
JACKSON LAKE CAMPGROUND AREA
GEOHYDROLOGIC SETTING
Two test wells were drilled west of Signal Mountain at the south edge of Jackson Lake Campground. The first test well was drilled about 150 feet east of Jackson Lake, the second was drilled about 150 feet southwest of the first and about 70 feet east of the lake. The wells penetrated four distinct units: (1) An upper unsorted unit, (2) a sand and gravel unit, (3) a lower unsorted unit, and (4) a sand unit. The sand and the sand and gravel units yield appreciable quantities of water. They are separated by poorly permeable unsorted deposits and constitute two aquifers. {See fig. 5 .) More data will be required before the deposits can be properly correlated, but all presumably are of Quaternary age. The unsorted surface deposits are Pinedale drift and part of the moraine bounding Jackson Lake. The lower unsorted unit is probably glacial drift and represents either an earlier phase of the Pinedale Glaciation or the Bull Lake Glaciation. The areal extent of the aquifers and their relations to rocks in adjacent areas are unknown.
Well 45-115-24cdd, about 0.4 mile northis reported to be 160 feet deep. No log is available. Water analyses show that the water from this well is similar to water from the sand and gravel unit penetrated by the test wells.
MOVEMENT OF GROUND WATER
The water level in testwell45-115-25bca, which receives most of its water from the sand and gravel unit, seems to follow, with a notable lag, changes in the level of Jackson Lake and is generally lower than the lake level. Only a few water-level measurements have been made ( fig. 4} , and additional data would be required before reliable conclusions could be drawn, but Jackson Lake seems to be a major source of recharge to the sand and gravel unit.
The rate of water movement between the sand and the sand and gravel units is probably low. The water ·level in the sand and gravel unit is about 30 feet higher than that in the sand unit.
COLTER BAY RESERVOIR AREA
One test hole (46-115-36bac*} was drilled about 200 feet southeast of the concrete tank that stores Colter Bay's water supply. The hole was on a bench on a hillside covered with glacial drift and was about 130 feet higher than the adjacent valleys. This area was tested at the request of the Park Service because of the convenience of the location to the reservoir, rather than for geologic advisability.
The hole penetrated unsorted cobbles. gravel, sand, silt, and clay from 0 to 66 feet. Morainal topography at the surface indicates that at least the upper part is glacial; more than one stage of glaciation may be represented. The material from 66 to 170 feet consists of sandy yellowish -green and yellow clay, sandy brown clay, clayey sand, and gravelly clay. The material from 170 to 200 feet consists of unsorted clay, silt, sand, gravel, and cobbles. The deposits could not be correlated with known units, but all presumably are of Quaternary age.
No water was found, and drilling was stopped at 200 feet. Most of the material penetrated was of low permeability because of poor sorting and abundance of clay and silt.
Saturated material may not have been penetrated; the test -hole site is higher than the adjacent valleys, and the material tested may have been drained.
LIZARD POINT CAMPGROUND AREA GEOHYDROLOGIC SETTING
Two test wells were drilled in the Lizard Point Campground at the north end of Jackson Lake. The bedrock penetrated in test well 4 7-11 ~32abb* consists of greenish-gray soft shaly sandstone, containing some very fine gravel; it is probably part of the Frontier Formation of Late Cretaceous age. The unconsolidated deposits overlying the bedrock can be divided into two zones. The waterbearing lower zone consists of poorly sorted to well-sorted sand and gravel, containing a little silt and clay. The poorly permeable upper zone consists of unsorted to poorly sorted deposits ranging from clay to boulders. (See fig. 5.) A veneer of glacial material of Pinedale age covers the tip of Lizard Point and overlies more than 100 feet of valley fill near test well 4 7-11 ~32abb*. Deep cuts scoured by pre -Bull Lake ice sheets descend below the valley fill in the vicinity, and test well 4 7-11 ~2 9dca* penetrates sediments deposited in one of these cuts.
MOVEMENT OF GROUND WATER
Recharge to the aquifer penetrated by the Lizard Point test wells may be either by semiconfined underflow from upstream reaches of the Snake River, from precipitation in the adjacent highlands, or both. The hydraulic head in the aquifer is above the lake, and water levels in the test wells decline very little when the lake is at low levels ( fig. 4) . Deposits overlying the main aquifer, although at least partly saturated, are relatively impermeable and act as a semiconfining bed that prevents rapid drainage. Springs occur at and below the line of high lake stage along Lizard Point. They discharge from more permeable zones in the deposits overlying the main aquifer, and most continue to flow even when the lake remains at low levels for long periods.
RESULTS OF PUMPING TESTS
Seven of the test wells were pumped for 24 hours each to determine yields and to evaluate the aquifers. As observation wells were not available, water levels were measured in the pumped wells during pumping and recovery. The drawdown and recovery determined during six of the tests are shown on graphs in figure 8 ; because of mechanical difficulties, the results of the seventh test (well 4~11 ~ 2 5bbd) were questionable and are not shown. The discharge of water from the wells, which could not be closely regulated, was measured at irregular intervals during the tests. Graphs of the discharge are shown with the drawdown curves to show the influence of changes in discharge.
In most of the test wells, the entrance area through which water could move from the aquifers into the wells was small. The wells were drilled by cable tools, and casing was lowered as drilling progressed. After the well was bottomed, the casing was perforated with quarter-inch slots opposite the coarser grained beds only.
Specific capacity-the yield in gallons per minute per foot of drawdown--of the test wells was determined from the pumping-test data given in table 5. It was computed for the longest period of pumping in which the discharge was steady and the increase in drawdown small. Because specific capacity is directly related to the length of perforated casing, other factors being equal, this length is also shown on table 5.
A comparison of specific capacity of wells can be used to estimate the relative efficiencyofwells and the relativepermeability of aquifers. Specific capacity varies mainly with well construction and development and also with aquifer characteristics; it varies to a much smaller degree with rate and duration of pumping.
BUFFALO FORK TEST
A yield of about 40 gpm was desired by the Park Service for possible additional facilities to be constructed in the Buffalo Fork area, but 40 gpm probably cannot be sustained by test well 45-114-2 3ccd. The well was pumped at various rates for short periods before beginning the 24 -hour pumping test. It was pumped successfully for a short time at 43 gpm, but when the rate was increased to 50 gpm, it partly filled with sand and silt. After additional cleaning and development, the well was pumped successfully for 24 hours at an average of 30 gpm. Because of the danger of pumping sand and silt, the discharge should probably be kept below 30 gpm, if the test well is to be utilized. Some sand will probably be pumped by the well even at a moderate discharge.
The tests indicate that the formation at the site of the test well can yield more than the desired 40 gpm. A replacement well of different construction or a second well used with the test well should obtain the desired yield. A replacement well must be constructed so that a larger entrance area is obtained, possibly by screening and sand packing some of the formation above the coarse zone perforated in the test well. The fine sand zone directly above this coarse zone ( fig. 5 ) presents a problem, and proper sizing of the screen and sand pack would be necessary to prevent sand pumping.
If two wells are used, they should be spaced at least 100 feet and preferably 200 feet apart. Interference between them should be small at moderate discharges because the source of recharge, the river, is near. The test well was drilled in an old alluvium-filled channel and penetrated thicker alluvium than is present in most of the area. The old channel probably follows much the same course as the present river ( fig. 6} , but its precise location is known only at the test well. Additional test drilling could locate the thicker alluvium more precisel y. Test well 46-114-2 9adc* was pumped 24 hours at about 150 gpm with a drawdown of 4 feet. Test well 46-114-2 9dbc* was pumped at about 130 gpm with a .maximum drawdown of 3.6 feet. A discharge of more than 200 gpm could have been obtained from either well by using a larger pump. Both wells were abandoned in favor of test well 46-114-2 9dbd*, which yielded 150 gpm with only 1. 5 feet of drawdown. The production well that was subsequently drilled adjacent to test well 46-114-29dbd* yielded 270 gpm with 5 feet of drawdown during a 4 -hour test.
The water discharged from test well 46-114-29dbc* flowed less than 150 feet before it disappeared into the permeable valley-fill deposits. The water returned to the aquifer and interfered with the test. The graph of the drawdown and recovery {fig. 8} shows the influence of the returning water. Within a few minutes after pumping stopped, the water level rose more than a foot above the static level and then declined slowly as the head of returning water declined. The other test wells were near the stream, and most of the water discharged from these wells ran to the stream.
JACKSON LAKE CAMPGROUND TESTS
Brief bailing tests made during drilling of the first test well {4~11~25bbd) in the Jackson Lake Campground area yielded about 60 gpm from the upper aquifer {sand and gravel unit}, but only a trickle of water could be obtained when the casing was perforated. A decline in the level of Jackson Lake of about 10 feet between the time of the bailing tests and the perforation of the casing may have caused a sufficient drop in head to account for the loss of water to the well. More probably the loss was caused by the accidentaJ sealing off of the formation near the casing during drilling operations. The lowe:r;-aquifer (sand unit) was pumped at 2 0 gpm for 2 4 hours, but attempts to increase the yield were unsuccessful. Because a minimum yield of 30 gpm was desired, the well was filled in and abandoned.
The second test well (4 5-115-2 5bca) was pumped at about 115 gpm for 24 hours with 11 feet of drawdown; this well could probably yield 200 gpm. The casing was perforated opposite both aquifers ( fig. 5 ). During the pumping test, all the water discharged from the well probablycamefromtheupper aquifer because the water level did not drop below the head in the lower aquifer. The head in the lower aquifer is several tens of feet less than that in the upper; so, in the well, water is continually being discharged from the upper aquifer into the lower. The lower aquifer should be sealed off to prevent continued leakage, and, if more water is needed, the aquifers should be tapped separately.
LIZARD POINT CAMPGROUND TEST
A yield of about 15 gpm is desired by the Park Service for proposed facilities at Lizard Point Campground. Yields larger than 15 gpm could have been obtained from either of the test wells in the area. Test well 47-115-2 9dca* was bailed at about 2 5 gpm but was abandoned in favor of test well 4 7-115-32abb* ,. which had a much higher yield. Test well 4 7.:_115-32abb* was pumped for 24 hours at about 96 gpm with 5 feet of drawdown. This well probably has a maxium yield of more than 200 gpm.
QUALITY OF GROUND WATER
Thirteen water samples were collected from 11 wells in Quaternary deposits, and 1 sample was collected from a well in the Bivouac Formation. Results of the Chemical analyses determined by the Geological Survey are given in table 6. The water is of generally good quality for drinking and most other purposes. (Well 45-114-26abb1, which taps lacustrine(?) sand, had a dissolved-solids content of 321 ppm (parts per million); all other samples had dissolved solids ranging from 87 to 145 ppm. No samples could be obtained from pre -Quaternary rocks except f r om the Bivouac Formation; water from some older rocks may have a much higher dissolved-solids content than the sampled waters.
Esti mates of dissolved solids in a water can be made from the specific conductance of the water. (Specific conductance is expressed in reciprocal oluns p-er centimeter times 10 6 -micromhos per centimeter at 2 5°C.)
The dissolved-solids content in parts per million ofwater derived from Quaternary deposits of the area is approximately 60 percent of the specific conductance. Field determinations of specific conductance were made wherever possible and are shown in table 3. More accurate laboratory determinations are given in table 6.
POSSIBILITIES FOR FUTURE GROUND-WATER DEVELOPMENT
Additional ground water may be obtained in many parts of the project area for domestic, stock, or small public supplies. Larger public supplies may be developed in parts of the Pilgrim Creek valley.
For the purpose of the following discussion, the terms "small," "moderate," and "large" quantities of water have been given the arbitrary values less than 20 gpm, 2 0 to 80 gpm, and greater than 80 gpm, respectively.
DEPOSITS OF QUA TERNARY AGE
Quaternary deposits are the most promising sources of additional ground water. Seven areas where they might be tapped are outlined on plate 1 and are discussed below.
AREA 1
Yields of as much as 1,000 gpm may be expected from wells in parts of the Pilgrim Creek valley (area 1 on pl. 1). More than 100 feet of saturated highly permeable valley fill is known and 200 feet or more may be present. Because of the relief of the bedrock surface underlying the valley fill, thickness of the fill will differ considerably from place to place. Wells should penetrate the greatest thickness of saturated fill available because water-level fluctuations are extreme (table  4) . When recharge decreases during dry periods, several tens of feet of the valley fill may be dewatered; shallow wells may :9-
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decrease in yield or go dry. Test drilling prior to construction of permanent wells is recommended.
AREA 2
Two deep flowing wells east of Jackson Lake Dam reportedly penetrate clay and fine sand, but no written well logs are available in area 2. The valley fill is probably composed mostly of fine materials up to several hundred feet thick, which should yield small to moderate quantities of water. Some coarser, more permeable materials, which would yield greater quantities of water, may be present at depth in parts of the area. Surface deposits in most of the area are of low permeability, and water is semiconfined; wells in topographically low parts of the area should flow.
Bedrock is exposed near Jackson Lake Lodge, and the valley fill east of the lodge is probably much thinner than elsewhere in area 2. Large quantities of water have been obtained from springs in the seep area east of the lodge and additional supplies could proba:bly be developed in that locality.
AREA 3
The nature and thickness of the valley fill is unknown in most of area 3. A few shallow wells have derived water from gravel; some have gone dry during the winter. Valley fill underlying the gravel probably is mostly fine grained and moderately thick, becoming thicker and finer grained toward the west. Additional shallow wells may yield small to moderate quantities of water. More dependable yields might be obtained from deeper wells. Test drilling before installation of permanent wells is recommended.
Insec.1 and 12, T. 45 N., R. 114 Wu partJy reworked glacial outwash will probably yiet.i.P. small to moderate water supplies where s~t..,. urated. The streamdraining Two Ocean Lake has cut deeply into the outwash in sec. 12 and has drained much of the material. The stream does not flow throughout the year in its lower reach, and wells must be drilled mfny feet below the level of the stream to obtain a perennial water supply.
AREA 4
Small to moderate yields of water lmay be obtained from alluvial gravel in parts :of area 4, but, in much of the area, the saturated gravel is too thin to form a good aquifer. The water table closely follows the stages of the rivers ( fig. 7) , and wells that penetrate only a thin saturated zone may have low yields and may go dry during low river stages.
In much of area 4 lacustrine deposits underlie the alluvium to depths of as much as 100 feet. Most of the lacustrine deposits are poorly permeable, but some coarser wellsorted zones will yield small quantities of water. The water in these deposits is of poorer quality than that in the alluvium but is suitable for most uses,.
The alluvial fan in the southern part of area 4 is probably composed predominantly of fine materials. The deposits are probably of low permeability but may yield small amounts of water.
AREA 5
Moderate to large quantities of ground water can probably be obtained at most locations in area 5. At the south tip of Lizard Point in the vicinity of test well 4 7-115-32abb*, yields of as much as 100 gpm can be expected. The thickness of the saturated permeable material is probably greatest toward the southwest. Along the east side of Lizard Point, yields will be smaller, but moderate quantities of water are probably available at most locations. Wells drilled between Lizard Point and Lizard Creek will probably yield moderate quantities of water, but as test holes have not been drilled in that locality, the nature and thickness of the material is unknown.
AREA 6
In much of area 6 glacial drift covers undifferentiated Quaternary deposits that will probably yield small to moderate quantities of water. The depth of a well depends on the types ofmaterials penetrated and the altitude of the well site. Topographically high areas may be drained, and wells in these areas must be drilled deeper to penetrate saturated deposits. Small to moderate quantities of water may be derived from shallow wells in glacial deposits near Arizona Creek and at other favorable localities.
AREA 7
Several wells along the southeast edge of Jackson Lake in area 7 yield moderate to large quantities of water. Little is known of the extent of the aquifers, but possibilities for the development of additional wells in this area seem to be good.
DEPOSITS OF PRE-QUATERNARY AGE
Several pre -Quaternary formations are potential aquifers (table 1) , but only the Bivouac Formation has been tested in the project area. West of Signal Mountain the Bivouac Formation may yield small quantities of water to deep wells. Of the other pre-Quaternaryrocks, the Harebell Formation and Bacon Ridge Sandstone are the most promising potential aquifers. Because of the complexity of the geology, each proposed well site should be investigated in as rnuch detail as possible before drilling.
